Temporal coherence (i.e., the degree of synchronicity of a given variable among ecological units within a predefined space) has been shown for several limnological features among temperate lakes, allowing predictions about the structure and function of ecosystems. However, there is little evidence of temporal coherence among tropical aquatic systems, where the climatic variability among seasons is less pronounced. Here, we used data from long-term monitoring of physical, chemical and biological variables to test the degree of temporal coherence among 18 tropical coastal lagoons. The water temperature and chlorophyll-a concentration had the highest and lowest temporal coherence among the lagoons, respectively, whereas the salinity and water colour had intermediate temporal coherence. The regional climactic factors were the main factors responsible for the coherence patterns in the water temperature and water colour, whereas the landscape position and morphometric characteristics explained much of the variation of the salinity and water colour among the lagoons. These results indicate that both local (lagoon morphometry) and regional (precipitation, air temperature) factors regulate the physical and chemical conditions of coastal lagoons by adjusting the terrestrial and marine subsidies at a landscape-scale. On the other hand, the chlorophyll-a concentration appears to be primarily regulated by specific local conditions resulting in a weak temporal coherence among the ecosystems. We concluded that temporal coherence in tropical ecosystems is possible, at least for some environmental features, and should be evaluated for other tropical ecosystems. Our results also reinforce that aquatic ecosystems should be studied more broadly to accomplish a full understanding of their structure and function.
Introduction
The properties of aquatic ecosystems have recently been considered in the context of landscapes, where lakes in a geographic area are examined to identify common and long-term behaviour patterns for one or more variables (Carpenter et al., 2007; Das et al., 2009; Magnuson et al., 1990; Soranno et al., 1999) . As a result, limnologists have increasingly considered lakes to be dynamic ecological units connected and organized across the landscape, rather than spatially independent entities Kratz et al., 1991; Webster et al., 2000) . Because lake behaviour is a product of both extrinsic forces and intrinsic processes, determining the relative importance of these drivers is fundamental to the understanding of the dynamics and function of a lake (Stoddard et al., 1998) .
Determining the temporal coherence among lakes is an important approach to identify the degree to which lake properties correspond to regional broad-scale forces rather than to more local, in-lake forces (George et al., 2000; Magnuson et al., 1990) . It is defined as the degree to which the temporal series of environmental features (biotic and/ or abiotic) obtained in a subset of aquatic environments within a predefined space are positively correlated (i.e., vary synchronously). Extrinsic forces, such as climate or episodic disturbances operating over broad spatial scales, can promote synchronous behaviour in a suite of system variables (Blenckner et al., 2007; Das et al., 2009) , while internal forces, such as differences in the lake size and morphometry, and species composition and food-source, often lead to a more idiosyncratic temporal behaviour, indicating the predominance of local-scale regulators Kent et al., 2007; Weyhenmeyer 2008; Lansac-Toha et al., 2008; Takahashi et al., 2008) .
Previous studies have demonstrated that temporal coherence varies greatly with the climate, the number of processes affecting the dynamics of a variable and the sensitivity of a variable to locally unique conditions (Kratz et al., 2003) . In general, physical variables such as the water surface temperature are strongly coherent over large distances among different lakes (Livingstone and Dokulil, 2001) . Water chemistry has also been shown to be temporally coherent for a myriad of variables (Folster et al., 2005) , although to a lesser extent than the physical properties because dissolved ions and substances are also greatly affected by lake size, morphometry and landscape position (Kratz et al., 1991) . Biological variables, on the other hand, are less coherent than most physical variables and chemical compounds Takahashi et al., 2008) . From an ecosystem management perspective, identifying temporal coherence among lakes is paramount to a reliable extrapolation of results obtained from a set of sites to results for a larger region, and to monitor the regional effects of broad-scale environmental variations predicted by global change scenarios (Stoddard et al., 1998; Arnott et al., 2003) .
Most of the studies regarding temporal coherence of lakes have been carried out in temperate regions, primarily in North America and Europe (see Blenckner et al., 2007; Folster et al., 2005; Kratz et al., 2003 and references therein) . These regions are subjected to great inter-seasonal temperature variation, which might have an overwhelming influence over lake temporal dynamics, resulting in the high degree of temporal coherence demonstrated in such studies. The extent to which temporal coherence is a pervasive ecological phenomenon among tropical lakes, where climatic conditions are more constant over the year, remains elusive. In this context, tropical coastal lagoons are interesting model systems to test the occurrence of temporal coherence. A great number of coastal lagoons might occur within a relatively small area, which guarantees a greater similarity in their respective exposition to broad-scale regional factors such as climate, surrounding edaphic conditions and sea proximity. On the other hand, coastal lagoons are physiographically diversified systems, ranging in a variety of sizes, morphometries, water chemistry characteristics, landscape positions and trophic status (reviewed in Esteves et al., 2008) . For instance, hypersaline and freshwater lagoons can be found side-by-side depending on the relative strength of the particular drivers of their hydrological balance, such as local precipitation, watershed inflow, evaporation and intrusion of seawater by percolation through or overtop the sand barrier (Kjerfve, 1994) . The concentrations of coloured dissolved organic carbon have also been reported to be highly variable among closely located coastal lagoons (Farjalla et al., 2002) , suggesting that there is a strong local control of the input of terrestrial carbon subsidies in these systems. On the other hand, the input rates of terrestrial organic matter and carbon mineralisation in a specific lagoon were demonstrated to be seasonally regulated by the precipitation level, indicating that climate is an important extrinsic factor affecting coastal lagoon dynamics (Suhett et al., 2007) .
In the present study, we tested the occurrence of temporal coherence in a suite of physical, chemical and biological variables over a group of South Atlantic coastal lagoons that encompass a vast array of local characteristics. Our primary expectations were that (1) temporal coherence is stronger for physical and chemical variables than for biotic variables, and that (2) temporal coherence is dictated by both local traits (such as lagoon morphometry and landscape position), and regional climate (such as solar irradiation and precipitation).
Material and Methods

Study area
This study was performed in 18 coastal lagoons situated in the northern region of the state of Rio de Janeiro, Brazil (22°-22° 30' S and 41° 15'-42° W - Figure 1 ). All but one lagoon (Imboassica lagoon) are situated at the Restinga de Jurubatiba National Park, a mosaic landscape of 14,860 ha composed of shrub vegetations, flooded forest patches and coastal lagoons on the Atlantic coastal plain. The Imboassica lagoon is also located on a coastal plain, but urban areas occupy its surroundings and directly dispose of untreated sewage into it. The natural surrounding vegetation of the Imboassica lagoon has been practically removed. All 18 lagoons are nontidal permanently closed off systems; variations in salinity are mainly attributed to seawater intrusions that overtop the lagoon's sand barrier during sea storms. However, some human-caused disruptions of the sand bar that separates each lagoon from the ocean have been observed during the summer, particularly for the Imboassica lagoon. All lagoons are shallow (0.5-4.0 m), and variations in the perimeter and area have been observed (Table 1) . Substantial natural differences in the limnological features, particularly in the concentrations of salt, nutrients and chlorophyll-a, and in the water colour, have been observed among these lagoons throughout history (Tables 1  and 2 ). The monitoring protocol of these lagoons has been inserted into the Brazilian Long-Term-Ecological-Research Program (PELD-LTER -Site 5), which aims to evaluate the chemical, physical and biological characteristics of these ecosystems in relation to natural and anthropogenic disturbances . The climate of the region is characterised as tropical sub-humid/humid with a mean summer temperature of 25 °C, an average winter temperature of about 19 °C, and an annual mean relative humidity of 83% (Rocha, AM. et al., 2004) . The annual precipitation is 1,165 mm and there is a pronounced seasonal distribution with minimum precipitation occurring in June (40 mm) and maximum precipitation occurring in December (190 mm) (Berg et al., 2004) .
Samplings and analytical methods
Two different samplings were performed. The first sampling was performed semi-annually (dry and wet seasons) in all 18 lagoons when the salinity and chlorophyll-a concentration (Chl-a) were evaluated. This sampling lasted from February 2004 to August 2008. The second sampling was performed monthly in 5 lagoons (Imboassica, Cabiúnas, Comprida, Carapebus and Garças lagoons) from January 2002 to December 2008 and the water temperature and colour, salinity and Chl-a were evaluated. We chose these variables 1) based on their importance as descriptors of biotic and abiotic aspects of the functioning or coastal lagoons; 2) in order to increase the power of statistical analysis as we had a considerable amount of data of these variables for the monitored lagoons and 3) because these variables do not change significantly throughout the day, but are sensitive in response to regional environmental drivers, such as climate and sea storms (Enrich-Prast et al., 2004) . In addition, we carried out all samplings in a same geographic location (station) in a given lagoon, and all samplings were conducted during the mornings and never exceeded 6 hours, assuring the homogeneity of environmental conditions in a sampling day. Finally, samplings were systematically performed from east to west (see Figure 1) .
The water temperature and salinity were directly determined using a portable thermo-salinometer multifunctional probe (YSI Model 30/10 FT). For the determination of the Chl-a and water colour, water samples were collected in acid-rinsed polyethylene flasks and transported to the field laboratory. The water temperature was kept constant during the transport and the analyses were performed up to 6 h after samplings. The samples were filtered in glass-fibre filters (Ø = 47 mm, ~1.2 µm pore size, GF/C Whatman), and the water colour was determined in the filtered water sample by light absorption at 430 nm in 1 cm-cuvette (Strome and Miller, 1978) . The filters were stored in the dark at 4 °C for Chl-a analysis. The Chl-a was extracted with 90% ethanol and the concentration was determined by spectrophotometry at 665 nm (Nush and Palme, 1975) . Both of the photometrical analyses were performed in a Beckman® DU520 spectrophotometer. Finally, we calculated some morphometrical characteristics of these lagoons. The perimeter and area of each lagoon, as well as the length of the main axis, were calculated using the ArcGIS software version 9.2 after satellite images were acquired from Google Earth 5.
Data analysis
We first measured the temporal coherence of each variable by calculating the pair-to-pair correlation coefficients between the lagoons using the GraphPad Prism 5.0 software for Windows. A Kolmogorov-Smirnov's test was used to test the normality of each variable, and whenever necessary, the variables were transformed, standardised and centred to meet specific test assumptions. Irrespective to data transformation, the Chl-a data in both samplings and the salinity data in semi-annually sampling did not present normal distribution. Therefore, Pearson's correlation was used for the water temperature, water colour and salinity data from the monthly sampling, while the non-parametric Spearman rank correlation was used for the salinity data from the semi-annually sampling and for the Chl-a data from both samplings. The degree of the temporal coherence was assumed to be the magnitude of the correlation coefficient, and only significant correlations (p < 0.05) were interpreted to be true synchronous behaviour between any two lagoons. Moreover, several assumptions were tested in order to use the time series correlations as an indicator of temporal coherence. First, a randomised lake time series yielded correlations that were centred on zero, supporting a standard null model expectation. Pearson and Spearman correlations generated similar results in all of the cases, irrespective of the data distribution. Finally, excluding the maximum values from the time series did not significantly alter correlations among the lake pairs.
To avoid that punctual anthropogenic interferences (i.e. artificial sand bar opening) in the Imboassica lagoon affect the ability of our analysis to detect temporal coherent patterns, all pairwise correlations regarding this lagoon were just performed using data sampled after 4 months of the last sand bar opening. This period is sufficient to allow the reestablishment of biotic and abiotic lagoons characteristics before sand bar breaching (Enrich-Prast et al., 2004) .
We calculated the mean and the standard deviation of the correlation values to compare the degree of temporal coherence among the variables. Moreover, we correlated some of the morphometrical characteristics of lagoons to some of the temporal coherence estimates. First, we classified the lagoons in relation to their landscape position as "parallel-oriented" when the lagoon's major axis was parallel to the sea, and "orthogonally-oriented" when the lagoon's major axis was orthogonal to the sea. Then, we compared the mean correlation values for the salinity between the pairs of lagoons at a similar landscape position (parallel-oriented vs. parallel-oriented or orthogonallyoriented vs. orthogonally-oriented) with pairs of lagoons at a dissimilar landscape position (parallel-oriented vs. orthogonally-oriented), using a t-test. For this analysis, only the salinity was used because the spatial configuration mainly influences the susceptibility of a lagoon to ocean intrusions (Enrich-Prast et al., 2004) . Each pair of lagoons was also characterised by how they differ with respect to the ratio of perimeter to area (Table 1) , by taking the Euclidian distance of this ratio for each pair of lagoons (∆). The ∆ perimeter: area ratio was used to estimate the differences of lakes in their susceptibility to the surrounding terrestrial ecosystem, which drives, for instance, the entrance of allochthonous humic carbon and consequently, water colour . Linear regressions were performed to evaluate if different ∆s were related to mean correlation values of the water colour. Only positive and significant correlation values were used in these analyses.
Finally, a linear mixed model was used to analyse the possible seasonal changes in the water colour of different lagoons. Because precipitation events are more frequent and stronger in the summer than in other seasons, we divided the monthly water colour data by a function of the season (summer months = rainy season, other months = dry season). These seasons were considered to be categorical predictors, and the accumulated precipitation in each season was considered as a co-variable, the lagoons and the sampling year were treated as sampling blocks, and the water colour was considered as the response variable. This analysis was performed using the library (nlme) in the R-statistical package 2.10.0 (R Development Core Team, 2009).
Results
After considering the semi-annual sampling for all of the lagoons, we found that the salinity was strongly and positively correlated between a set of the lagoons, composed of the Bezerra, Maria Menina, Robalo, Visgueiro, Catingosa, Pires, Preta, Barrinha and Casa Velha lagoons (r Spearman > 0.81 in most of the cases, Figure 2a ). Some additional lagoons also had positive correlations of their salinity values, specifically: Cabiúnas with Paulista (r Spearman = 0.86), with Encantada (r Spearman = 0.72) and with Carapebus (r Spearman = 0.63); Paulista with Encantada (r Spearman = 0.80); and Garças with Pires (r Spearman = 0.64), with Catingosa (r Spearman = 0.67) and with Bezerra (r Spearman = 0.70) (Figure 2a ). On the other hand, the salinity was negatively correlated between the following pairs of lagoons: Preta with Cabiúnas (r Spearman = -0.68), with Carapebus (r Spearman = -0.73) and with Amarra-Boi (r Spearman = -0.68); Paulista with Ubatuba (r Spearman = -0.66); and Visgueiro with Carapebus (r Spearman = -0.69) (Figure 2a) . The mean Spearman correlation coefficient (r Spearman ) for the salinity within this data set was 0.21 (SD = 0.52, Figure 2a) . Considering the positive correlations (synchronous lagoons), the r Spearman values for the salinity were higher for the pairs of lagoons at similar landscape positions than for pairs of lagoons at different landscape positions (t-test, F = 4.384, df = 106, p < 0.0001, Figure 3) . Significant correlations among the 18 lagoons were much less frequent regarding the Chl-a (Figure 2b ). Positive correlations were found between Ubatuba and Encantada (r Spearman = 0.72), Garças and Preta (r Spearman = 0.84), Barrinha and Casa Velha (r Spearman = 0.71) and Pires and Catingosa (r Spearman = 0.88) (Figure 2b ). On the other hand, the Chl-a values for the Robalo lagoon were negatively related to those of Imboassica (r Spearman = -0.64) and Carapebus (r Spearman = -0.69) (Figure 2b) . Overall, the mean r Spearman for Chl-a for this data set was 0.10 (SD = 0.32, Figure 2b) .
Considering the monthly samplings in the Imboassica, Cabiúnas, Comprida, Carapebus and Garças lagoons, there was a strong correlation of water temperature (r Pearson > 0.81) for all but one of the lagoon pairs (mean r Pearson = 0.86, SD = 0.05, Figure 4a ). Only the Imboassica-Garças pair presented a slightly weaker correlation (r Pearson = 0.77, Figure 4a ). The water colour in the Cabiúnas lagoon was positively correlated to the four other lagoons (r Pearson > 0.41), and its strongest correlation was found with the Comprida lagoon (r Pearson = 0.68) (Figure 4b ). The water colour in the Comprida lagoon was also positively correlated to that of Carapebus (r Pearson = 0.70) (Figure 4b ). The mean correlation coefficient for the water colour was 0.39 (SD = 0.23, Figure 4b ). The degree of temporal coherence for the water colour between the lagoon pairs was negatively related to their difference in ∆ perimeter:area ratio (r 2 = 0.78, p = 0.046, Figure 5 ). For these 5 lagoons, water colour was generally higher in the summer months (rainy season), when compared to the other months of the year (Figure 6 ). Both the season (main independent variable, F = 14.2483, p = 0.0014) and the mean monthly precipitation (co-variable, F = 14.2483, p = 0.0014) significantly affected the water colour in this group of lagoons (Table 3 ). There was a positive correlation of the salinity for almost all of the pairs of lagoons (overall mean r Pearson = 0.26, SD = 0.23, Figure 4c ) after considering the monthly samplings. However, the salinity of the Carapebus lagoon had only a significant correlation with the Cabiúnas lagoon (r Pearson = 0.49, Figure 4c) . Most of the significant correlations for the salinity within this dataset were 0.41 < r Pearson < 0.60, whereas the correlations of the salinity between Imboassica and Cabiúnas, Imboassica and Comprida, and Cabiúnas and Comprida were weaker (0.21 < r Pearson < 0.40) (Figure 4c ). The significant positive correlations for the Chl-a values were only occasional and week (0.21 < r Spearman < 0.40) for the lagoons for this dataset (Figure 4d ). These positive correlations were found between Cabiúnas and Imboassica, Cabiúnas and Garças, Cabiúnas and Carapebus, and Carapebus and Garças (Figure 4d) . Overall, the mean r Spearman for the Chl-a for these lagoons was 0.19 (SD = 0.12, Figure 4d ).
Discussion
The coastal lagoons sampled here provide an ideal range of conditions to test the hypotheses of temporal coherence. All of the lagoons were exposed to the same climate, soil type and surrounding vegetation, but differed significantly in the morphometry, landscape position and trophic status. Such conditions allowed us to comprehensively test whether or not coastal lagoons exhibit broad-scale similarities in the temporal trajectories of system variables, or if internal processes predominantly governed them. For individual variables, we observed that the coherent spatial patterns among the lakes were highly idiosyncratic regarding their magnitude of temporal variation. Considering the two data sets that were analysed, the physical variable (temperature) was more temporally coherent than the chemical variables (salinity and water colour), which in turn were more temporally coherent than the biotic variable (Chl-a). This result corroborates our first hypothesis and confirms that the temporal coherent behaviours among the lagoons are context-dependent on the identity of the variable considered, a pattern that has been consistently shown for temperate lakes Benson et al., 2000; Arnott et al., 2003) . However, considering all of the variables, we observed a moderate to low temporal coherence among the tropical coastal lagoons (grand mean of the correlation coefficient r ~ 0.33). Finally, we observed that local factors, such as morphometry and landscape position of the lagoon, and regional factors, such as precipitation, were determinant mechanisms to explain part of the temporal coherent variation among the coastal lagoons. This result reaffirms that the landscape and lake-specific factors are both important and interact to govern the way aquatic systems are synchronous in their temporal trajectories.
The range of variables included in the study influences temporal coherence analyses. In our analyses, we selected a simple set of variables that encompass different functioning aspects of the lagoons, which are ultimately affected by their interaction with the atmosphere, the watershed and the ocean. The water temperature of the surface had the highest pattern of coherence, despite considerable differences among the lagoons in the concentration of the humic dissolved organic carbon (Figure 6 ). Humic substances might affect the thermal budget of the aquatic system by interfering with heat absorption (Steinberg et al., 2006) . Therefore, large dissimilarities in the water colour among the lagoons would weaken or disrupt landscape coherent variation in water temperature. Our results indicate that there is an overwhelming control of the regional climate over the temporal trajectories in a lagoon's thermal balance, despite differences in such specific local conditions. Furthermore, we believe that the observed high temporal coherence in the water temperature among the coastal lagoons is likely related to a combination of the shallowness of the lagoons and their high exposition to wind. This interaction results in weak or absent thermal stratification, which in turn has been credited to affect coherent behaviour in the water temperature among temperate lakes . With very few exceptions, the water temperature has been shown to be highly coherent among temperate and arctic lakes Benson et al., 2000; Arnott et al., 2003; Blenckner et al., 2007) , and this pattern is related to a substantial seasonal thermal amplitude throughout the year. We expected that the temperature coherence would be weaker for tropical aquatic systems, where the seasonal thermal amplitude is lower. Our results, combined with those in the literature for temperate systems, corroborate recent expectations that lake ecosystems are strong sentinels and integrators of global climate change over larger spatial and temporal scales (Schindler, 2009) .
Our study demonstrates that the landscape position and morphometry of the lagoons were important predictors of the temporal coherent behaviour of the salinity and water colour. Previous studies have already emphasised the importance of landscape position on temporal coherence among lake ecosystems for a myriad of chemical variables (Kratz et al., 1997; Kratz and Frost, 2000; Webster et al., 2000) . However, our study is the first to show how similarities in the geographic orientation of water bodies relative to the sea affect broad-scale synchrony in the salinity among the lagoons. Particularly, we found that lagoons that are similar in their relative position to the sea (i.e., both paralleloriented or both orthogonally-oriented) show significantly more temporal coherent variation in the water salinity than the average of correlations that were calculated between parallel-oriented vs. orthogonally-oriented lagoons. The parallel-oriented lagoons have a greater proportion of their perimeter closer to the sea than the orthogonally-oriented lagoons, which facilitates salt water intrusion by waves breaking over the top of the sand barrier during sea storm events (Kjerfve, 1994) . In addition, parallel-oriented coastal lagoons might also be more prone to saltwater spray deposition. On the other hand, variations in the salinity are strongly related to freshwater inputs from their catchment area in the orthogonally-oriented lagoons. Temporal coherence in the salinity among coastal lagoons has important ecological consequences regarding our ability to predict how future scenarios of rising sea levels that have originated from climate change might affect broad-scale salinisation patterns of coastal inland aquatic systems, a phenomenon that purportedly has pronounced effects on the community structure and functioning of resident biota of the coastal lagoons (Caliman et al., 2007; Santangelo et al., 2007; Bozelli et al., 2009; Laque et al., 2010) . Despite the considerations mentioned above, the salinity coherence was somewhat low, with more than half of the total number of correlations showing non-significant results. This result suggests that other local characteristics of coastal lagoons related to the salt and freshwater balance, such as the catchment area, volume and sand barrier height (which might affect sea water intrusion), are likely to weaken the temporal coherence among lagoons.
We used water colour as a proxy of humic dissolved organic carbon (Pace and Cole, 2002) , which is mainly derived from the terrestrial organic components that move into the coastal lagoons (Suhett et al., 2007; Farjalla et al., 2009) . Humic substances have multiple effects on the physical, chemical and biological processes that occur in lakes. For instance, humic substances attenuate solar radiation by affecting the thermal balance of aquatic ecosystems and reducing the damage of UV radiation on phytoplankton and zooplankton organisms (Steinberg et al., 2006) . There are many local and regional factors that regulate the concentration and composition of humic substances in lakes, but most of the factors are related to the morphometry and the characteristics of the catchment area of the lake (reviewed in Zhang et al., 2010) . In our study, the ratio between the perimeter and area of the lagoon and the regional precipitation were both important aspects needed to delineate the patterns of temporal coherence in water colour between the lagoons. Temporal coherence was higher among lagoons that shared similar morphometric characteristics, which in turn gives a reasonable proxy for land-water connectivity for aquatic systems that do not vary widely in depth (Hakanson, 2004) . Precipitation regulates the input of allochthonous humic carbon for the coastal lagoons studied (Suhett et al., 2007) . In fact, we observed a clear seasonal pattern of the water colour variation among the coastal lagoons (Figure 6 ), suggesting that regional climate is important for determining spatial patterns of temporal coherence among the systems. In a pragmatic point of view, this information gives us an opportunity to predict how alterations in the catchment area of a lagoon, by deforestation, for instance, will propagate modifications in the input of terrestrial subsidies across the landscape.
Previous studies have shown that temporal coherence in biotic variables tends to be lower than in physical and chemical variables, and even absent in some cases (e.g., Magnuson et al., 1990; Kratz et al., 1997; Baines et al., 2000; Livingstone and Dokulil, 2001 ; but see Kent et al., 2007; Lansac-Toha et al., 2008; Rusak et al., 1999 for the contrary). In general, it is expected that biological variables have low levels of temporal coherence among systems because they are influenced by a combination of mechanisms that include species-specific growth rates, species-specific tolerances to stressors, nutrient dynamics, predation pressure, and other food web dynamics (Arnott et al., 2003) . In our study, we observed a generally weak coherence of the Chl-a among the coastal lagoons (r < 0.2), and we suggest that a variation in the composition of aquatic species (de Mello and Suzuki, 1998; Castelo-Branco 1998; Caramaschi et al., 2004) , a summation of physiographic (Panosso et al., 1998) and trophic state differences among the lagoons, explain this pattern.
There are intriguing differences in the frequency of the Chl-a temporal coherence between the two data sets analysed. Only four out of 153 possible correlations were positive and significant for the data set comprising 18 semi-annually sampled lagoons, while four out of 10 possible correlations were positive and significant for the data set comprising the five monthly-sampled lagoons. We expected that the great number of individual observations related to monthly samplings would increase the power of the analysis, and that semi-annual samplings would highlight the importance of climatic control on the system variables, thereby enhancing the likelihood for the detection of temporal coherence (Folster et al., 2005; George et al., 2000) . We suggest that the unexpected lower frequency of coherence of the Chl-a in the data set comprised for the 18 lagoons is related to the higher regional heterogeneity in an analysis that included all of the lagoons.
Our study demonstrates the patterns and potential mechanisms regarding temporal coherence in a suite of system variables across tropical coastal lagoons. Further investigation is required to determine the extent to which these results are consistent over larger spatial and temporal scales, as well as to determine whether the results apply to other important system variables such as species composition. Overall, our results are within the range of the observed patterns of temporal coherence registered for temperate lakes, and highlight a potential generality of the synchronous behaviour of the landscape in system variables in different global climates and across physiographically diversified systems. The degree to which temporal coherence might be an important tool for the prediction and extrapolation of landscape patterns from a suite of lakes is seemingly dependent on the considered variable. We stress that there is a need to reanalyse the large amount of existing data that monitors the tropical aquatic systems into the context of temporal coherence. These efforts will expand our understanding of whether local characteristics, regional environmental drivers or both determine, more consistently, the dynamics of an aquatic ecosystem and how this regulation occurs.
